As one of the figures of merit, muon polarization and its correlation to the particle arrival time was studied for
INTRODUCTION
Muon polarization provides one handle on the flux of muon neutrinos and electron neutrinos in a long baseline detector, for it affects the decay kinematics of the muons into electrons, muon neutrinos, and electron neutrinos. The muon polarization may allow a better understanding of the systematics in a neutrino oscillation experiment. We determine the muon average polarization and the muon polarization correlation to the muon arrival time in the front end channel of the neutrino factory design. [ 1, 2, 3, 4] Charged pions are generated in the interactions of 24 GeV or 16 GeV primary protons in heavy metal targets in a 20 T solenoidal field. Pions are captured in a solenoid where the longitudinal magnetic field decreases gradually from 20 T to 1.25 T. The phase rotation channel consists of long solenoids with a magnetic field strength of 1.25 T and an induction linac system which surrounds the solenoid coils.
In the charged pion rest system, because the neutrino mass is negligibly small and its helicity is +I or -I , muons also have the helicity of +1 or -1, reflecting the fact that the pion spin is zero. Hence the muons in the pion decays are polarized 100% in the pion rest system. Because of the Lorentz boost of the pion rest system to the laboratory system and the limited acceptance of the pions/muons in the pion capture, phase rotation, bunching, and cooling channels, the muon average polarization is different from the asymptotic muon polarization(with infinite pion momentum), and the muon polarization correlation as a function of the muon arrival time depends on the front end channel design.
We define the muon polarization as the projection of the 3 dimensional muon spin in the muon rest system along the muon momentum in the laboratory system. 
Muon spin tracking
The muon spin in the muon rest system undergoes Thomas precession when a muon travels through magnetic and electric fields. The spin direction change is expressed by the Thomas-BMT equation: [7] ds' e dt m ----zx
where a = 4 -1 is the muon anomalous magnetic moment and is 1.165 x
The change of the muon helicity is given by: Polarized muons has non-zero probability of spin flipping in traversing through absorbers, liquid H2 for example, in the processes of energy loss and the multiple scattering. But for the muons with a typical momentum of 200 MeVIc, the spin flip probability of muons is less than -5 x loe3, which is simulated in ICOOL. [ 111 The muon polarization in the storage ring of the neutrino factory affects the production yield of muon neutrinos and electron neutrinos at the far detector site. We simulated the muon polarization in the front end channel of the neutrino factory by generating polarized muons in pion decay and tracking the muon spin through electromagnetic fields, and absorbers.
In the front end model of the neutrino factory, p + s at the end of the ionization cooling channel have the average effective helicity of 0.175 f 0.004 and the muon helicity correlation to the muon arrival time is almost linear with a slope of the muon helicity of 0.50 f 0.04 per 100 m in c a t .
